Foreword
In fiscal years 93 and 94, Congress provided funds for natural gas utilization equipment, part of which was specifically designated for procurement of natural gas fuel cells for power generation at military installations. The purchase, in¬ stallation, and ongoing monitoring of 30 fuel cells provided by these appropria¬ tions has come to be known as the "DOD Fuel Cell Demonstration Program." CERL is an element of the U.S. Army Engineer Research and Development Cen¬ ter (ERDC), U.S. Army Corps of Engineers. The Director of ERDC is Dr. James R. Houston and the Commander is COL James S. Weller.
DISCLAIMER
The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. All product names and trademarks cited are the property of their respective owners.
The findings of this report are not to be construed as an official Department of the Army position unless so designated by other authorized documents. This report presents an overview of the information collected at Construction Battalion Center (CBC) Port Hueneme, Hueneme, CA along with a conceptual fuel cell installation layout and description of potential benefits the technology can provide at that location. Similar summaries of the Site evaluation surveys for the remaining 28 sites where CERL has managed and continues to monitor fuel cell installation and operation are available in the companion volumes to this report (see Table 1 ).
Objective
The objective of this work was to evaluate CBC Port Hueneme as a potential lo¬ cation for a fuel cell application.
Approach
On 4 and 5 September 1996, CERL and SAIC representatives visited the U.S.
Naval Construction Battalion Center (CBC) Port Hueneme (the Site) to investi¬ gate it as a potential location for a 200 kW fuel cell. This report presents an overview of information collected at the Site along with a conceptual fuel cell in¬ stallation layout and description of potential benefits. The Appendix to this re¬ port contains a copy of the site evaluation form filled out at the Site. The CBC is the west coast homeport of the Navy's mobile construction force. Its mission is "to support the Naval Construction Force, fleet units and assigned or¬ ganizational units deployed from or homeported at the CBC; to support mobiliza¬ tion requirements of the Naval Construction Force; to store, preserve, and ship advanced base mobilization stocks; to perform engineering and technical ser¬ vices, and such other tasks as may be assigned by higher authority." CBC sup¬ ports the training and mobilization requirements for more than 2,600 active duty personnel. The CBC also operates a 1,600-acre naval base. 
Steam and Hot Water Systems
The pool is currently heated via a central steam boiler plant/distribution system.
Heat exchangers located in the pool mechanical area supply heat to the pool.
Space Heating System
There is no space heating in the mechanical room. The bathhouse has its own space heating system, but is not interfaced thermally with the mechanical room.
Space Cooling System
There is no space cooling at this facility.
Fuel Cell Location
The fuel cell should be located on the west side of the mechanical room in the open grassy area. The Navy has requested a PC25B model fuel cell for this in¬ stallation. Figure 3 shows it should be oriented in a north-south direction. The cooling module can be located in an east-west direction on the north side of the fuel cell. A new pad-mounted electrical transformer should be located outside the fuel cell fenced area near the cooling module.
The fuel cell thermal piping should face the building. Thermal piping runs would be about 40 ft. Piping to the cooling module will be 20 ft. The electrical rim to the new transformer would be about 15 ft. Natural gas should be brought in from the street, about 20 ft. The nitrogen piping run will be about 25 ft.
Fuel Cell Interfaces
The fuel cell will operate in the grid connect mode and feed power into the base electric grid. The base grid is currently 4160 V, but will be upgraded in the near future to 12,470 V. To connect the fuel cell, a new 480/4,160/12,470 V, 300 kVA dual taps transformer is required. This will ensure that the fuel cell can quickly integrate with the new base grid system. It is recommended that a pad-mounted transformer be installed and that the high voltage side be connected to the grid at the nearby utility pole. The fuel cell will operate in the grid connect mode with no back-up power option.
The fuel cell thermal output will be used to heat the swimming pool. The out¬ door pool is heated year round and is covered at night. The mechanical equip¬ ment (boilers, pumps, and filters) is scheduled to be replaced in the next several months. The fuel cell should be interfaced between the filters and the boilers. An inter¬ mediate titanium heat exchanger should be installed to isolate the fuel cell heat exchanger from the chlorinated pool water (Figure 4 ). Separate circulating pumps should be installed to control the flow through the fuel cell and the in¬ termediate heat exchanger. These pumps should operate whenever the fuel cell is operating and the pool heating controls call for heat. Researchers investigated the option of raising the pool temperature to above 80 °F at night during periods of high daytime heating requirements. This option would allow fuel cell thermal output to be stored at night to offset daytime requirements. This equation accounts for losses due to convection, radiation, and evaporation.
It was assumed that, when the pool is covered, the evaporation loss would be re¬ duced by 90 percent and the convection and radiation losses would be reduced by 70 percent. Therefore, the evaporation losses at night must be subtracted from the total heat loss.
This ASHRAE equation was used to calculate heat loss due to evaporation: (Table 2) were used in calculating pool heating requirements. Table 3 lists the results of the losses and heating load calculations.
Utah Office of Energy Services, Reducing Swimming Pool Energy Costs* (undated brochure). The calculations above show that in the summer, the fuel cell will supply 300 kBtu/hr for 11 daytime hours and 629 kBtu/hr for 13 night time hours. This is a total summer thermal utilization of 1,056 MBtu:
1,056 MBtu = [(300 kBtu/hr * 11 hr/day) + (629 kBtu/hr * 13 hr/day)] * 92 days * 1 MBtu/1,000 kBtu During the winter, the fuel cell will supply all 700 kBtu/hr of available heat for 24 hours per day. Thus, the total winter thermal utilization is 4,586 MBtu:
4,586 MBtu = 700 kBtu/hr * 24 hr/day * 273 days * 1 MBtu/1,000 kBtu 3 Economic Analysis CBC Port Hueneme purchases electricity from Southern California Edison under rate schedule TOU-8 which is a time-of-use rate schedule ( Table 4) :
The on-peak period is weekdays between 1200 and 1800 hours, June to Septem¬ ber (summer). The mid-peak period is weekdays between 0800 and 1200, and 1800 to 2300 hours in the summer, and weekdays between 0800 and 2100 hours during the winter period. The off-peak period includes all remaining hours in the year, including holidays. Table 5 presents total electricity consumption and costs for the August 1995 to July 1996 time period. The average rate paid by CBC during this period was 7.14 cents/kWh. Natural gas is purchased from the Defense Fuel Supply Center (DFSC) and transported by Southern California Gas Company under rate schedules GN-30
and GN-50 (cogeneration). Table 6 lists natural gas consumption, transpor¬ tation, and costs for the May 1995 to April 1996 time period. The average total gas cost for this period including gas plus transportation was $2.70/MBtu.
Electric savings from the fuel cell were calculated based on the fuel cell operat¬ ing 90 percent of the year (1,576,800 kWh). Demand savings were calculated as¬ suming that the energy bill for the Site would be reduced by the full 200 kW each month. Table 7 lists the estimated full demand savings and 90 percent capacity factor savings.
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